at 15 to 16 weeks was one-third (204 U/i) of that observed in the controls (598 U/i) (p <00005) . In Down's syndrome (fig (B) ) the activity averaged 322 U/i (p <00005) and fell below the 2-5th percentile in nine of the 19 samples. The activity was within the normal range in one case of XO disorder (at 18 weeks; not shown).
Discussion
Activity of y-glutamyl transpeptidase in early amniotic fluid was up to 100 times higher than that observed previously in maternal serum.' Siegers et a13 reported that the mean activity in 17 samples of amniotic fluid obtained at 15-26 weeks' gestation was 426 U/l. Our results agree with these findings. y-Glutamyl transpeptidase probably enters the amniotic fluid from the surrounding fetal tissues, not from the maternal blood. This hypothesis is favoured by our recent findings that most of the enzyme activity is bound to complexes of high molecular weight, as analysed by gel filtration, and that the enzyme is demonstrable in several fetal tissues, such as the kidneys, small bowel, lungs, amniotic membranes, and placenta (unpublished observations).
To our knowledge this is the first time that a biochemical "disorder" has been observed in amniotic fluid in pregnancies in which the fetus is affected by a chromosome abnormality. The low y-glutamyl transpeptidase activity is unlikely to be due to a specific gene disorder, since it occurred, to a variable extent, in several different syndromes. Autosomal abnormalities, especially trisomy 18, adversely affect prenatal growth,4 and the low enzyme activity may be caused by reduced leakage of the enzyme from hypoplastic fetal tissues. The low activity cannot, however, be explained solely by the growth deficiency, since in normal pregnancies the growth of the fetus is accompanied by a decrease, not increase, in amniotic fluid y-glutamyl transpeptidase activity.
In our assay, in 74%O of the samples from women whose fetuses had chromosomal aberrations activity of the enzyme was below the 10th percentile. If the activity was less than 300 U/i at 15-16 weeks' gestation there was a 75%,, probability of chromosomal disorder, and if it was less than 200 U/I (10 samples) the probability was 1000.
The importance of these findings remains to be established, but assay of y-glutamyl transpeptidase activity would appear to be a useful additional test for prenatal diagnosis of chromosomal aberrations. The method is fast and simple and in common use in clinical laboratories for diagnosis of liver diseases.
Siegers C-P, Younes Press, 1977 . (Accepted 11 March 1982 Sterile microenvironment in prevention of wound infection JOHN M SCOTT, JAMES McLAUCHLAN, H G SMYLIE Abstract A prospective controlled trial was carried out to assess the effect of using a wound isolator on reducing postoperative infection. A total of 291 patients undergoing hip pinning for fractures of the neck of femur entered the trial and were allocated at random to have their wound contained in a wound isolator (study group) or dressed with a standard gamma-irradiated adhesive dressing (control group). The bacteriological flora of the patient was monitored before, during, and after operation and that of the ward before and after. No significant difference was found in the flora of the wards in which the patients were nursed. On several occasions the source of the infective organism was traced to the ward but never to the theatre.
The isolator prevented direct contamination and airborne cross-infection of the wound and appreciably reduced the rate of infection.
Introduction
Wound infection is one of the most serious problems in surgery and argument continues on the relative importance of the various sources of infection in the total environment of the patient undergoing surgery. With the advent of total hip replacement the unacceptably high incidence of postoperative wound infection led workers to look more closely at the environment of the patient and particularly at the theatre environment and routine. Professor Sir John Charnley felt that infection after total hip replacement was caused by organisms from the theatre atmosphere settling into the wound. After introducing a clean air theatre with 300 air changes per hour and a body exhaust system he reduced his infection rate after low-triction arthroplasty from 9 5"' to 04".' Unfortunately insufficient monitoring of the bacteriological flora of the patient's total environment in such studies leaves doubt as to the exact source of any infection. We therefore conducted a study of the surgical isolator2 in total hip replacement, monitoring the bacteriological flora of the patient before, during, and after every operation and of the operative environment during every procedure. We found that the opportunities for superficial or deep infection were greater in the ward than in the operating theatre.: As a result of these findings a sterile microenvironment for postoperative wound care was developed. This isolator (figure) contains wounds in a sterile environment until they have healed and prevents direct contact and airborne cross-infection. We describe the efficiency of this sterile microenvironment in reducing postoperative wound infection after hip pinning. Air hygiene in the wards housing patients fitted with the wound isolator has been under surveillance for many years. The orthopaedic unit is housed in a "Nightingale" type accommodation with no effective natural or artificially controllable ventilation. With all beds occupied and insufficient spacing between beds, mean bacteria-carrying particle counts as high as 6 05 1m3 (214/ft3) (3 2 pyogenic staphylococcal particles) were recorded. There are now 11 fewer beds in main wards and the mean count when all beds are occupied is 2 04/mi (72/ft3) (1-8 pyogenic staphylococcal particles). Despite this apparent improvement in air hygiene, the ward has been closed twice in the past five years as a result of cross-infection sepsis rates in clean surgery approaching 30 Io. of all wounds. Clearly without high expenditure no further improvement in ward air hygiene is possible.
Materials and methods
A prospective controlled trial was carried out to assess the effect of using a wound isolator on reducing postoperative wound infection. All patients studied were undergoing nailplate fixation of femoral neck fractures. They were allocated at random to have their wound contained in a wound isolator after operation (study group) or dressed with a standard gamma-irradiated adhesive dressing (control group).
Bacteriological monitoring of the patient was carried out before, during, and after operation and the ward environment was monitored before and after operation.
THE PATIENT
Before operation nasal, perineal, and skin swabs were taken from every patient. Nasal carriage was regarded as positive for Staphylococcus auireus when swabbing showed a profuse growth of this organism on one occasion or a less dominant growth of the same species on two separate occasions. A bandage agar-plate impression was taken of the skin at the operation site before disinfection on the operating table. A blood specimen was taken from every patient for culture before operation.
During the operation swabs were taken from each skin edge on closure of the deep fascia and from the suture line after wound closure.
After operation wound swabs were taken from all patients on the 10th postoperative day and the drain fluid was cultured on removal of the drain at 48 hours. Sheet sweeps were done on the day of operation, on the second postoperative day, and on the 10th postoperative day. The ward air was monitored by settle plate on the same days and these studies were carried out in both groups.
THE ISOLATOR WOUND ENVIRONMENT
The wound environment in the isolator was monitored daily using a Hawksley-Gelman membrane sampler and the membranes were cultured on plain agar. The sterile air input was 5 1/min and the air was sampled for 1 min daily. To measure any colonisation of the isolator swabs were taken daily from the inside surface of the isolator walls and cultured on blood agar. Similarly a swab was taken on the 10th day from the inside surface of the exit filter. The isolators and standard adhesive dressings were left undisturbed until the 10th postoperative day, when the stitches were removed and wound swabs taken. Many patients pulled off their isolators in the early postoperative period. If there was total dehiscence at the isolator skin surface the isolator was removed and the patient withdrawn from the study. If minor separation occurred, however, the isolator could be reattached and the patient was retained in the trial.
Standard methods of culture, identification, and preservation of bacteria were used. All coagulase-positive staphylococci were phage typed using a standard set of phages from the Public Health Laboratory at Colindale and stored for later reference.
Results
Of the 291 patients entered in the trial, 144 were allocated to the study group and 147 to the control group. Eighty-two patients had their isolators removed and were withdrawn from the trial, together with their paired control. A further four patients were withdrawn from the study group because they were allergic to the isolator. A total of five patients (three in the study group and two controls) died during the study. One control was withdrawn from the trial when found to be positive for hepatitis B antigen. Thus 55 patients in the study group and 62 controls completed the trial.
BACTERIOLOGICAL FINDINGS IN PATIENTS
Staphy3,lococcal carriage rate-There was no significant difference in nasal, perineal, and skin carriage rate of S aureus between the study and control groups. Nasal carriage occurred in 11 controls (18",,) and in 10 of the study group (18"0). Perineal carriage occurred in two controls (3()) and in five of the study group (9",). Skin carriage occurred in one control (2>,) and two out of the study group (4",).
There was no correlation between nasal, skin, or perineal carriage of S aureus and wound infection in either control or study group. Wound during operation-Three patients in the control group had a total of six colonies from skin-edge sampling and four grew a total of 109 colonies from suture-line sampling. In the study group three patients grew a total of four colonies from skin-edge sampling and four patients grew a total of four colonies from suture-line sampling. All organisms were coagulase-negative micrococci.
Blood cultures-There-was no growth from blood cultures in all patlents.
Drainis-Drains were removed routinely on the second postoperative day. S aureus was isolated from the drain fluid of one patient in the study group but this patient did not develop a wound infection. Half of patients pulled out their drains in the control group compared with only one-tenth in the study group. A total of 400 colony-forming units were isolated from the drain fluid of four patients in the control group, and 1000 colony-forming units from the drain fluid of 10 patients in the study group. None of these patients developed a wound infection.
WOUND ENVIRONMENT (TABLE I) Fifty-nine colony-forming units were isolated from the airborne environment of 10 patients; 12 of these colonies were S aureus and were isolated from the one patient in the study group who developed a wound infection. Three patients had wall samples contaminated with S aureus; two had minimal contamination and did not develop infection. The other patient had a moderately contaminated wall swab and moderate contamination of isolator membrane with S aureus. This patient developed a wound infection, the source of which was not identified; wound swabs had been taken daily from this patient and the possibility of infection introduced by the sampling cannot be excluded. WARD BACTERIOLOGY There was no significant difference in the ward environment between control and study groups or between infected and noninfected cases. In the control group, the settle plates of 11 patients grew S aureus on at least one occasion. Four of these 1i patients subsequently developed wound infections and in three of these infected patients the S aureus grown in the wound was the same phage type as the staphylococcal type from the settle plate. In all cases, S aureus was grown from the settle plate before the appearance of a wound infection. In the study group, nine patients grew S aureus on at least one occasion from the settle plate but none of these patients subsequently developed a wound infection.
Sheet sweeps-Studies of direct contact with contaminated fomites (represented at its closest by bed linen) showed that the environment for the control and isolator groups was again similar. In the control group, 10 patients grew S aureus from a sheet sweep on one or more occasions. Two of these patients developed a wound infection and the S aureus phage type from the sheet swecps was the same as the phage type isolated from the infected wound. In one of the infected patients the S aureus was grown on the sheet sweep before the infection but in the other infected patient the S auireus was grown on the sheet sweep on the 10th postoperative day. In the study group, four patients had S aureuis isolated from their sheets but none of these patients subsequently developed a wound infection.
Wound inifections- Table II shows the incidence of and organisms isolated from wound infections in the isolator and control groups up to and including the 10th postoperative day. These results are significant at the 1 level, p < 0 01 according to Yates's modification of the J2 test. On several occasions the source of the offending organism was traced to the ward but never to the theatre environment.
Discussion
The wound isolator provides sterile air direct to the immediate controlled environment of the healing wound. Any bacteriological contamination of the microenvironment or of the internal surface of the wound isolator is related to the patient's tissues within the isolators-for example, skin commensals or the occasional minor isolator dehiscence from the skin-isolator interface. The isolator prevented direct contact and airborne crossinfection of the wound and reduced our wound infection rate from 21,"0 to 18 " ').
The high pull-off rate of the isolator is attributable to several factors, most of which may be prevented. Many patients who had minor disruption of the wound isolator were excluded from the trial, but it was later realised that owing to the positive pressure of air input to the isolator they could be reattached without prejudice to the trial. Isolators were pulled off in most instances during the first 48 hours. Over 85"0 of our patients were confused after operation; careful postoperative attention to sedation in the first 48 hours may reduce this rate.
Much of the high infection rate in the control group can be traced to the Nightingale ward environment, where over 90,, of beds are occupied. The wound isolator protects the healing wound against contamination and cross-infection from patients, nursing and medical staff, and bacteria from the atmosphere or bedclothes. Moreover, many patients singly or doubly inconti-. nent were protected from contamination and subsequent infection of their wounds from this source by the isolator. The wound isolator is a cheap method of preventing wound infection, which may result in a prolonged stay in hospital.
Isolation of the infected wound in this way may also avoid expensive whole-patient isolation or hospital transfer with the attendant increase in work load for nursing staff.
We think that the wound isolator could be properly used in patients undergoing primary hemiarthroplasty for fractures of the neck of femur. It could also be used in those undergoing total hip replacement and we would expect the problems of isolator removal in this group to be considerably less.
